tension on the air-jet loom was investigated using yarn tension meter(DEFAT) by Sabit Adanur and Jing Qi. Weft yarn tension was measured with yarn physical parameters such as yarn count, twist multiplier, yarn hairiness and yarn elongation. Fabric physical properties such as weight and thickness, air permeability, dimensional stability and abrasion resistance were analysed with average weft yarn tension of air-jet loom. Fabric stiffness, drape coefficient and wrinkle recovery were also measured and discussed with average weft yarn tension. Many weavers are using foreign looms made by Japan, and European countries such as Italy, Germany and Belzium. Especially, polyester fabrics woven by rapier looms show many defects such as thickness differences and color differences between edges on the right and left sides of the fabrics. Many weavers are thinking that the physical properties of fabrics including these defects are also different between fabrics woven by these various kinds of looms. And they are wondering how is the tension difference among various looms and how is the difference of the fabric mechanical properties according to the looms and the fabric positions with relation to the warp and weft weaving tensions on the various looms, respectively. But, any investigations about fabric physical properties according to the loom characteristics and about warp and weft tension variations according to the warp position among looms were not found yet. Therefore, this topic surveys the fabric physical properties according to the weaving looms, for this purpose, warp and filling yarn tensions during weaving were measured on the various looms and the fabric mechanical properties due to warp and weft tension differences were analysed using KES-FB system. In addition, weavability was also analysed by measuring warp tension variation according to the looms and the warp position. And the relationship between shed amount and warp tension on one fixed heald frame was surveyed according to the various looms and also fabric thickness according to the fabric width was measured for analysing fabric thickness variation with weaving loom characteristics.
The importance of the fabric mechanical properties for emotional garment's formability
The fabric formability of the worsted and wool/polyester blend fabrics widely used for suit garment for men and women is very important physical property. Formability is defined as ability of the fabric to be re-shaped from a plane fabric to the 3D form of clothing (Pavlinic, 2006) . Fabric formability was predicted by many researchers (Lindeberg, 1960; Niwa et al, 1998; Shishoo, 1989; Postle & Dhingra, 1989; Ly et al, 1991) . And fabric mechanical properties were used in the predicting fabric formability by Lindberg et al(Lindeberg, 1960) , Niwa et al (Niwa, 1998) , Yokura et al (Yokura, 1990) and Morooka et al(Morooka & Niwa, 1978) . Lindberg formerly proposed formability by fabric bending and compression properties.
But, many equations related to the garment formability were suggested after developing KES-FB and FAST systems which are measuring devices of fabric mechanical properties. On the other hand, many researches about mechanical property of the woven fabric according to the yarn and fabric parameters were carried out using KE-FB and FAST systems (Oh & Kim,1993) . Among them, the PET synthetic fabric mechanical properties according to weft filament yarn twists, yarn denier and fabric density were analysed and discussed with these yarn and fabric structural parameters. On the other hand, the worsted fabric mechanical properties according to the looms such as rapier and air jet were also analysed and discussed with weaving machine characteristics . Similar studies were also performed using the PET and PET/Tencel woven fabrics . The researches related to the fabric mechanical property according to the dyeing and finishing processes were also carried out . According to the these studies, many factors such as the fabric structural parameters and processing parameters on the weaving and dyeing and finishing processes affects on the fabric mechanical properties which are governing garment's physical properties. Among these process parameters, weaving process is one important process which affects the fabric mechanical properties due to warp and weft tensions during weaving.
On the other hand, the large companies for production of worsted fabric have sequential production line such as spinning, weaving, dyeing and finishing processes, but some small companies have only one production line such as weaving, dyeing or finishing. So, large fabric lot processed in large companies is divided and delivered to the small companies by small fabric lot. Therefore, large quantity of fabrics are woven by various looms such as projectile, rapier and air-jet in various small weaving companies, and then, they are finished by various small finishing companies. It is known that these production system makes fabric physical properties such as hand, fabric thickness and shrinkage non-homogeneous. It is investigated that these non-homogeneity of the fabric physical properties may be originated from the difference of loom even though the loom setting is same.
Many researches related to the warp and weft yarn tensions during weaving were performed with relation to the stop marks on the fabrics. Among them, Helmut Weinsdörfer investigated that the distribution of the warp end tension over the warp width and how it is influenced by the weaving machine setting. This analysis carried out on the poplin fabric using Sulzer projectile loom and a comparative investigations performed on a downproof fabric using a flexible rapier loom with rod type temples and a projectile loom with needle temples. In addition, he studied warp yarn tension variation according to the shed geometry, warp brake setting and loom speed using narrow fabric loom(Jacob Muller). But these researches are only contributed to the weavability related to the mechanism of weaving machine, and there were no investigations about fabric physical properties according to the warp and weft tension differences on the positions of the fabrics such as center and edges and according to the different looms itself. Many weavers are using various kinds of looms made by Japan, and European countries such as Italy, Germany and Belzium. Especially, polyester fabrics woven by rapier looms show many defects such as thickness differences and color differences between edges on the right and left sides of the fabrics. Many weavers are thinking that the physical properties of fabrics including these defects are also different between fabrics woven by various types of looms.
Experimental

Worsted fabrics
Weaving of worsted fabrics on the air-jet and rapier looms
Worsted fabrics specimens were woven using Picanol rapier loom(model GTX-4-R) and airjet loom(model PAT-4-R-A), respectively. Table 1 shows loom characteristics used for making fabric specimens and Table 2 shows fabric design related to the yarn and fabric structural parameters.
Loom characteristics
Rapier GTX-4-R Air jet PAT-4-R-A 
Finishing process of the worsted fabrics
The grey fabrics woven by rapier and air-jet looms were overlocked for processing in the finishing process simultaneously. Table 3 shows the finishing process and its condition. The specimens for measuring fabric mechanical properties were prepared by grey and finished fabrics woven by rapier and air-jet looms, respectively. Table 4 shows preparation of specimens and Fig. 1 shows the position on the fabrics related to the specimen number shown in the Table 4 . 5 kinds of specimens were selected as one center position and 4 sides positions. 
Processes Conditions
Gas
Fabric
Weaving of the worsted fabrics on the projectile and air-jet looms
For surveying the warp and weft tension differences between projectile and air-jet looms and analysing the mechanical properties of the worsted fabrics for emotional garment with relation of these two looms characteristics, worsted fabric specimens were woven using projectile(Sulzer) and air-jet looms(Picanol PAT and OMNI), respectively. Table 5 shows looms characteristics used in this experiment. Table 6 . Specification of weave pattern
Finishing process of the worsted fabrics
Grey fabrics woven by Sulzer and two air-jet looms were cut by 3 yards, respectively and these were overlocked for processing in the finishing processes. Table 7 shows the finishing process for making finished fabrics. The specimens for measuring fabric mechanical properties were prepared by grey and finished fabrics woven by Sulzer and two air-jet looms, respectively. Fig. 2 shows the sampling positions on the fabrics for measuring fabric mechanical properties.
Process Conditions
Gas 
Weaving of the worsted fabrics on the three kinds of rapier looms
For surveying the warp and weft tension differences among 3 types of rapier looms and analyzing the mechanical properties of these worsted fabrics for emotional garment with relation of these 3 kinds of rapier looms characteristics, 5 harness satin weave worsted fabrics were woven using FAST-R, THEMA-11-E and Picanol-GTX looms, respectively. Table 8 shows the specification of weave pattern of these worsted fabrics. Table 9 shows the characteristics of these 3 kinds of looms. Finishing process was same as shown in The sampling position on the fabrics for measuring fabric mechanical properties was same as shown in Fig. 2. www.intechopen.com
Polyester filament fabrics
Weaving of PET filament fabrics by 2 kinds of rapier looms (Omega ® and Picanol ® )
PET fabrics were woven using 2 kinds of rapier looms (Omega ® and Picanol ® ) for analysing the tension differences and fabric mechanical properties due to warp and weft tension differences. Table 10 shows weave design of woven fabrics. Table 11 shows the characteristics of two rapier looms.
Fiber composition
Yarn Table 11 . The characteristics of loom used in this study
Finishing process of the PET fabrics
These grey fabrics woven by two rapier looms were processed on the finishing process which is shown in 
Weaving of PET filament fabrics on the 2 kinds of rapier looms (Omega ® and Vamatex ® )
For surveying the tension differences between Omega and Vamatex looms and analysing fabric mechanical properties using KES-FB system according to warp and weft tension differences, fabric was designed as 5 harness satin weave using 150d/48f warp and 200d/384f weft polyester filaments, and was woven by Omega ® -Panter rapier loom by Textec Co. Ltd and P1001es rapier loom by Vamatex Co. Ltd., respectively.
These grey fabrics were processed on the same dyeing and finishing processes which was shown in Table 12 . Weavability was also analysed by measuring warp tension variation according to the warp position. The relationship between shed amount and the warp tension on one fixed heald frame was surveyed, and the relationship between end breaks and warp and weft tensions was also discussed. Table 13 shows specification of weave pattern. 
Measurement and assessment
4.1 Assessment in the weaving process
Warp and weft tensions
Weaving tensions on 7 kinds of weaving machines were measured using Dafat tension meter which is shown in Fig. 4 . Measured position was between tension roller and drop wire on the loom. Various yarn tensions on the each heald frame from 1 st to 5 th were measured at the vicinity of the center of loom.
Yarn tension along full width of each loom was also measured on the 5 th heald frame from left side to right on the back of the loom. The weaving efficiency in each loom was measured by number of end breaks both warp and weft per 100,000 picks. 
Measurement of shed amount
At the upper state of the heald frame, the distance from the fixed guide of heald frame to the upper line of frame is the amount of upper shedding, the lowest state of the heald frame is the amount of lower shedding.
The warp movement is calculated by the difference between the amount of upper shedding and lower shedding, which is shown in Fig. 5 .
Process shrinkages on the warp and weft directions
Fabric shrinkages of PET on the warp and weft directions in the each step on the dyeing and finishing processes were calculated using warp and weft fabric densities as equation (1) and (2) • As shown in Fig. 9 , Sulzer shows high efficiency, on the one hand, air-jet looms, both P-Omni and P-PAT show low efficiency. As shown in Fig. 10 , Sulzer loom has high warpbreak but air-jet loom has high weft-break. Table 16 shows loom efficiency and stop number of each rapier looms. Fig. 11 and 12 show rpm, efficiency and percentage of end break of Table 16 , warp breaks are much higher than weft breaks. It is shown that the loom efficiency of FAST is the highest. The reason why seems to be low rpm and low keeping loom per person of FAST loom. It is also seen in Fig. 11 and 12 that Picanol has high warp break and FAST has high weft break compared to other looms. Fig. 13 shows warp tension variation according to the warp position on the Sulzer loom. As shown in Fig. 13 , warp yarn tension variation on the vicinity of the center part of the fabric is higher than those of left and right parts of the fabrics and the tension of the right side of fabric is a little lower than that of left side of fabric. The warp yarn tension variation between right and left sides of fabric makes color difference between right and left of fabric, this phenomena deteriorates garment quality in clothing factory. The warp tension variation during one cycle of the Sulzer loom was ranged between 22gf and 52gf, but, Picanol loom was ranged from 6gf to 23gf and shows 4 kinds of successive peaks, on the other hand, Sulzer has one large peak. As shown in Fig. 15 , the shed amount of P-Omni loom with bar temple is larger than that of Sulzer loom with ring temple, but warp tension of P-Omni has lower value by 37% compared to Sulzer, and also has lower value by 23% compared to P-PAT loom. This phenomena demsnstrates that air-jet loom with bar temple can contribute to the increase of weavability.
Rapier looms
Warp and weft tensions of the worsted fabrics according to the loom characteristics
Projectile and air-jet looms
www.intechopen.com As shown in Fig.17 , warp tension variation of Picanol loom(P-GTX) attached with bar temple according to the position of loom width direction is smaller than those of FAST and THEMA looms attached with ring temples. It was shown that the warp tensions on central part of the looms is much higher than those on left and right sides of the looms both FAST and THEMA looms used by ring temples. The tension on the right side of the loom is about 10% lower than that on left side of the loom. Fig.18 shows one-cycle warp tension variation of the 3 types of rapier looms on the 15cm position from left side of the loom. Fig. 18 . The graph of warp yarn tension on the three rapier looms.
As shown in Fig.18 , tension on FAST loom was distributed ranged between 25gf and 50gf, and ranged between 35gf and 49gf for THEMA loom, and ranged between 13gf and 28gf for Picanol. Especially, the tension variation on the Picanol loom revealed 4 types continuous small peaks and one large peak, of which weave design was 5 harness satin. For comparing warp tension variation according to the weave pattern, warp tension variation according to the loom position and loom types was measured on the 7th heald frame with 8 harness satin weave pattern and 2/60Nm warp yarn count. Fig.19 shows warp tension variations on the THEMA and P-GTX looms. As shown in Fig.19 warp yarn tension of the 8 harness satin was much higher than those of 5 harness satin (Fig.13) . It was shown that yarn tension change according to the warp position on the Picanol loom with bar temple was much less than that of the THEMA loom with ring temple. Table 18 shows shedding amount and warp tension of the 3 types of rapier looms attached with bar and ring temples. Fig.20 shows these variations according to the heald frame.
As shown in Fig.20 , shedding amount was increased from 1st heald frame to 6th one, and warp tension was also increased from 1 st heald frame to 6 th one, which means that warp tension is proportional to shedding amount. Table19 shows weft tension and end break of weft on the 3 kinds of rapier looms. It was shown that loom rpm and weft tension are less correlated and end break of weft on the Picanol was less than those of FAST and THEMA even though weft yarn tension of Picanol was highest. Fig.22 shows one cycle weft tension variation on the 3 kinds of rapier looms.
www.intechopen.com Fig. 22 . The graph of weft yarn tension variation of three rapier looms.
As shown in Fig.22 , 2 kinds of high peaks revealed on the rapier looms, weft is gripped on the gripper, at this moment, tension is highly loaded and 1st rapier handed the weft yarn to 2nd rapier, 2nd high yarn tension peak is at this moment highly loaded, so 2 kinds of peaks are shown on this Fig.22 .
And it was shown that maximum peak tension was ranged from 65gf to 70gf, but in FAST loom, ranged from 85gf to 90gf and Pocanol shows the lowest tension value.
The physical properties of the worsted fabrics according to the loom characteristics
Fabric extensibility
For surveying the effects of the looms and finishing process to the fabric extensibility, tensile properties of gray and finished fabrics were measured using KES-FB system. For five kinds of looms, gray fabrics of left, center and right sides on the fabric were used as a specimens and then gray fabrics were processed on the finishing process. The processing method in the finishing was adopted by two ways. One way was continuous processing with five kinds of gray fabrics by sewing(overlocking) as shown in Fig. 1 , the other way was discrete processing with five kinds of gray fabrics. Fig.23 shows extensibility of these gray and finished fabrics with various looms. As shown in Fig.23 , for the warp extensibility of gray fabric, projectile(Sulzer) and rapier(THEMA) showed high values, then these looms showed high warp yarn tension and low shed amount for weaving as shown in Fig.15 and 20.
This means that the higher warp yarn tension and the lower shed amount, the more extensible of gray fabric. And the variation of extensibility on the right, center and left sides of gray fabric woven by Sulzer and THEMA weaving looms is also larger than those of other looms.
But, it is shown that these variations of gray fabric among various looms are less than those due to the method of finishing process. As shown in Fig.23 , the warp extensibility of finished fabric for the continuous ( ) and discrete ( ) finishing shows quite difference compared to gray fabric. And comparing between continuous and discrete finishing, the variation of warp extensibility among various looms by continuous finishing ( ) is smaller than that of discrete finishing ( ). That results means that discrete finishing makes fabric extensibility deviating each other.
Especially, the variation on the right, center and left sides of fabric of warp extensibility of finished fabric ( ) woven by air-jet(Picanol A-P-L,C,R) and rapier(Picanol-GTX R-P-L,C,R) looms is larger than that of other looms. And comparing with weft extensibility of finished fabric between continuous and discrete finishing processes, continuous finishing is m o r e e v e n t h a n t h a t o f d i s c r e t e f i n i s h i n g . A m o n g f i v e l o o m s , t h e v a r i a t i o n o f f a b r i c extensibility of air-jet(Picanol-OMNI, A-P-L,C,R) and projectile(Sulzer, P-S-L,C,R) looms is the smallest both warp and weft directions, gray and finished fabrics, continuous and discrete finishing, respectively. First, at the state of gray fabric, warp bending rigidity of gray fabric woven by Picanol looms(air-jet and rapier), which showed low warp yarn tension as shown in Fig.15 and 20, shows low values compared with other rapier looms(THEMA, FAST) and projectile(Sulzer). After gray fabric were finished, the effects of high tension during weaving were remained for the case of continuous finishing, i.e. the variation of bending rigidity among right, center and left sides on the fabrics woven by Rapier looms(Picanol and THEMA) was not shown on the finished fabrics, which showed lower warp tension variation during weaving as shown in Fig.13 and 17 . For the rapier(FAST) and projectile(Sulzer) looms, the bending rigidities on the center of the finished fabrics showed the highest values comparing to the right and left sides on the fabrics, which is originated from high warp tension during weaving. And it is shown that there was no variation of the bending rigidity according to the finishing method for the fabrics subjected under low warp yarn tension during weaving, on the other hand, for the fabrics subjected under the high warp yarn tension during weaving, the variation was high as shown in Fig.24 . Shear modulus of gray fabrics like bending rigidity showed the variation according to the weaving looms as shown in Fig.25 , i.e. High weaving tension makes shear modulus of gray fabric high, i. e. shear modulus of gray fabrics ( ) woven by Picanol (air-jet and rapier), which showed low warp tension during weaving, were lower than those of gray fabrics woven by other rapier looms (Thema, FAST) and projectile (Sulzer) as shown in Fig.25 . But these variations disappeared after finishing, then shear modulus of finished fabric between continuous ( ) and discrete ( ) finishing showed large difference. These phenomena demonstrate the importance of finishing process to the fabric shear property, which can be compared to the importance of weaving process to the fabric bending property. As shown in Fig.26 , the variation of coefficient of friction (MIU) of gray fabrics ( ) according to the various looms was less than that between right and left sides on the fabric, and the variation of the MIU of finished fabrics by continuous method ( ) according to the various looms was also much less than that between right and left sides on the fabrics. But the variation of finished fabric by discrete finishing method ( ) showed big differences according to various looms and right, center and left sides on the fabric. This result means that discrete finishing makes fabric surface property deviating.
Fabric bending property
Fabric shear property
Fabric surface property
These phenomena also demonstrate the importance of finishing process to the fabric surface property. As shown in Fig.27 , the variation of the fabric thickness after continuous finishing ( ) did not show anymore among various looms and right, center and left sides on the same fabric. But for the discrete finishing ( ), these variation was shown among looms and according to the position on the fabric. This shows that finishing process is still important like weaving tension for the control of even fabric thickness. Table 20 shows the efficiency and stop number of 2 rapier weaving looms (Omega and Picanol) during weaving PET fabric. Fig.28 shows warp tension according to the warp position on the 2 kinds of rapier looms. Table 20 , efficiency showed same value as 92% both Picanol and Omega looms, respectively. It is shown that warp breakage of Omega loom was much higher than that of Picanol loom. On the other hand, weft breakage of Omega was less than that of Picanol. The reason why is due to high warp tension of Omega loom and high weft tension of Picanol loom as shown in Fig.28 and 31 . As shown in Fig.28 , the warp tension according to the full width of Omega loom was much higher than that of Picanol. And the warp tensions of center parts of the loom were higher than those of both edges of fabric. It is explained that the filling yarn in the middle was held firm and tightly stretched by both sides, as it has to be beaten into the warp ends, in the edge zones, the filling can relax a little from the selvedge, the extent of relax is dependent on the filling insertion system, temples and the selvedge clap, as a result, the filling is woven in a little less firmly in the middle than at the selvedges, this means that they must bind more firmly in the center than at the edges, however the length of all the warp ends coming from the warp beam are practically the same length, those in the middle must elongated more. And it is shown that the average warp tension on center area of the Omega loom is 40~45gf and 35~40gf for Picanol loom, on edge part of the Omega loom is 30~35gf, 25~30gf for Picanol loom, so Omega loom shows 15~20gf higher tension than that of Picanol loom. In addition, high tension variation on edge part of Omega loom is shown, on the other hand tension variation on center part of Picanol loom is also shown. Fig. 29 shows real warp tension variations of Omega and Picanol looms, respectively. It is shown that Omega's warp yarn tension is much higher than that of Picanol. And 4 successive peaks and one high peak are shown both Omega and Picanol looms. www.intechopen.com Fig. 30 shows the shed amount and warp tension of each 10 heald frames at the center part of the loom both Picanol and Omega looms, respectively. As shown in Fig.30 , shed amounts both Picanol and Omega looms were increased from front heald to back one even though warp tension of each heald is almost same, but very slowly increased. That means that there is some relationship between shed movement and warp yarn tension on the each heald frame, and it is needed for clean shedding. Fig. 31 shows weft yarn tension variation of Omega and Picanol, respectively. As shown in Fig. 31 , weft yarn tension of Picanol was higher than that of Omega. And it was shown that Picanol has distinct 2 peaks but Omega has unstable and subtle 4 or 5 peaks. As shown in Table 21 and Fig. 32 , efficiency shows 97.45% and 99.57%, respectively. The warp tensions according to the full width of Omega loom were higher than those of Vamatex. And it was shown that the warp tension of center part of the loom was higher than those of both edges parts of the loom. Fig. 33 shows one cycle warp yarn tension variation of 2 types of rapier looms. As shown in Fig. 33 , warp yarn tension distribution in Omega was ranged from 50gf to 60gf, but ranged from 40gf to 60gf for the Vamatex. And four or five successive peaks and one high peak were shown in the Fig. 33 . It is shown that shed amount was increased from 1st heald to 10th one, and warp yarn tension was proportional to the shed amount. Table 23 shows weft yarn tension and end break of weft yarn on the 2 kinds of looms. Table 23 . Weft tension and end break of weft on the two looms.
Fabric thickness
Loom efficiency and warp and weft tension variations of PET fabrics
Omega and Picanol rapier looms
Omega and Vamatex rapier looms
As shown in Table 23 , maximum weft yarn tension was 81gf in Omega and 81.3gf in Vamatex, but end break of Omega was 3 and zero for Vamatex. The reason why seems to be due to high weft yarn tension fluctuation in Omega loom which is shown in Fig. 35 . As shown in Fig.35 , weft yarn tension variation of Vamatex was much more stable and lower compared to Omega loom. It is shown that the tensile properties in the warp direction of the fabrics woven by Omega loom were higher than those of woven by Picanol loom, the same phenomena in bending properties were shown, which seems to be due to the higher warp tension of the Omega than Picanol loom. But that tendency was not shown in the weft direction. That phenomena shows that warp yarn tension during weaving on Omega loom affects fabric tensile and bending properties, on the other hand, weft yarn tension on Picanol loom does not affect so much. Contrary to the tensile and bending properties, the shear properties of the fabrics in the warp direction woven by Picanol loom was higher than that of woven by Omega loom, but, in the weft direction, the fabric shear properties woven by Omega loom was much higher than that of Picanol loom. And there was no difference of the compression properties between fabrics woven by Picanol and Omega looms. This result demonstrates that shear deformation of fabrics was combined with deformation of warp and weft yarns, high warp yarn tension during weaving on the Omega loom makes low shear rigidity and shear friction of the fabrics in the warp direction, and high weft yarn tension during weaving on the Picanol loom makes low shear rigidity and shear friction of the fabrics in the weft direction. As shown in Fig. 37 , concerning the tensile properties according to the fabric position such as right, center and left sides, the fabric woven by Omega loom doesn't show big difference of mechanical properties according to the fabric position, but Picanol shows big difference according to the fabric position compared with Omega. In addition, comparing Fig. 37 (a) and (c) in warp direction and Fig. 37 (b) and (d) in weft direction, the differences of the fabric mechanical properties according to the position of the fabrics woven by Picanol were higher than those of the fabrics woven by Omega loom.
It seems to be originated from high fluctuation of warp and weft yarn tensions of Picanol loom during weaving as shown in Fig. 28 and 29 . Especially, the shear properties variation according to the position of the fabric woven by Picanol was larger than that of www.intechopen.com
Omega, which makes homogeneity of the fabric hand and tailorability of garment deteriorating. www.intechopen.com Fig. 38 shows the thickness variation on the right and left sides of the finished fabrics on the 10 positions of the fabric warp direction. As shown in Fig.38 , one or two positions along fabric warp direction on the right and left sides of the fabric showed a little thick positions comparing to the other positions of the fabrics woven by both Picanol and Omega looms. Fig. 39 shows fabric surface properties between Picanol and Omega looms and according to the fabric positions such as right, left and center. As shown in Fig. 39 , MIU(coefficient of friction) and MMD(deviation of MIU) of the fabrics woven by Omega was lower than those by Picanol loom but, SMD(surface roughness) showed higher value than Picanol. But especially the differences of these values according to the fabric positions were much higher than those of looms. Fig. 40 shows diagram of process shrinkage of the warp and weft directions according to loom on the each dyeing and finishing processes.
Comparison between Vamatex and Omega
As shown in Fig. 40 , any differences of each process shrinkages between Vamatex and Omega could not find, which means that two grey fabrics woven by Vamatex and Omega were proceeded at the same process conditions on the dyeing and finishing processes. It can be seen that 20% of weave contraction was occurred and 30% thermal shrinkage after scouring and drying was occurred, and 12% relaxing expansion on the pre-set, dyeing and final set was occurred.
% Fig. 40 . Shrinkage of the fabrics according to the weaving machine. As shown in Fig. 41 (a) , tensile energy (WT), and extensibility (EM) of the fabric woven by Omega were much higher than those by Vamatex on the warp direction, which seems to be due to high warp tension of the Omega loom which was shown in Fig. 33 . But, this phenomena was not shown on the weft direction as shown in Fig. 41 (b) , which seems to be due to the same on the weft tension between Vamatex and Omega looms which was shown in Fig. 35 . The tensile resilience of Vamatex was a little higher than that of Omega, which means that elastic recovery of fabric woven by Vamatex is better than that by Omega. It was shown that the bending rigidity of fabric woven by Omega was a little higher than that by Vamatex, which is also due to high weaving tension of Omega loom which was shown in Fig. 33 , Any difference of fabric shear property between Omega and Vamatex was not shown and also was not shown in fabric compressional property. These results demonstrate that fabric tensile and bending properties are affected by warp yarn tension of loom, fabric shear and compressional properties are not affected by only warp tension, which properties are affected by both warp and weft tensions.
Conclusion
Linear relationship between warp yarn tension and shed amount of loom for the worsted fabric was shown. Warp yarn tension variation for the worsted fabric between edge sides of fabric and center of fabric was above about 20gf, the highest at center part and the lowest at the right side as viewed in front of loom. These shed amount and warp yarn tension affect extensibility and bending rigidity of finished fabrics, i.e. the higher warp yarn tension and the lower shed amount, the more extensible gray fabric. The warp extensibility of finished fabric for the continuous and discrete finishing showed big difference, the variation of warp extensibility among various looms by continuous finishing was smaller than that of discrete finishing. Warp bending rigidity of gray fabric woven under low warp yarn tension showed low values, after finished, the effects of high warp yarn tension during weaving were remained for the case of continuous finishing. The bending rigidity on the center of the finished fabrics showed the highest values comparing to the right and left sides on the fabrics, which is originated from high yarn tension for weaving. Shear modulus of gray fabrics showed the variation according to the weaving looms, i.e. high weaving tension makes shear modulus of gray fabric high. But, these variation of shear modulus of gray fabric disappeared after finishing, this phenomena demonstrates the importance of finishing process to the fabric shear property. Fabric surface property was almost same as the fabric shear property. And finishing process is much more important than weaving tension for the control of even fabric thickness. The warp and weft tensions, shed amount among various looms for PET fabrics showed different characteristics. The tensile and bending properties in the warp direction of the fabrics woven by low tension loom showed higher values than those of high tension loom owing to the high warp yarn tension, on the other hand, shear property showed lower value. On the weft direction, contrary phenomena was shown.
Concerning the variation of the mechanical properties according to the fabric positions, the fabric woven by high tension loom showed more fluctuation than that of low tension loom. It seems that these results make fabric hand and garment tailorability deteriorating. The shed amount and warp tension for PET fabrics were also increased from front heald to back one like worsted fabrics. Warp tension variation according to the warp position showed same phenomena as the worsted fabrics.
